Background: Periodontal probing is one of the most common methods used in diagnosing periodontal disease-The purpose of this studg was to determine the Importance of the diameter of periodontal probing tips in diagnosing and eualuating periodontal disease.
Nlethods: The literature discussing periodontal probe diameters in human, dog, and monkeg studies was reuiewed and compared. Tip diameters uaried from 0.4 to ouer 1.0 mm in these studies. Probe adoancement between the gingiua and the tooth is determined bg the pressure exerted on the gingiual trssues and resistance from the healthg or inflamed trssue. The pressure is directLg proportionate to the force on the probe and inuerselg proportionate to the probe tip diameter. The larger probing diameters reduced probe aduancement into inflamed connectiue tissue. This effect of change tn probe diameter reduced the pressure in a greater manner than an increase of similar change in probe force.
Results.' ln the studies reuiewed, the pressure used to place the probe tip at the base of the periodontaL sulcus/pocket was approximatelg 50 N/cm2 and at the base of the junctional epithelium, 200 N/cm2. A tip dtameter of 0.6 mm LDas needed to reach the base of the pocket. Clinical infLammation did not necessari"Lg reflect the seueritg of histological inflammatton, and the recordings mag not illustrate probing depth. Furthermore, probing depth did not identifg anatomical locations at the base of the pocket.
Conclusions: Probe tips need to haue a diameter of 0.6 mm and a 0.20 gram force (50 N/cm2) to obtain a pressure which demonstrates approximate probing depth. This pressure uas needed to measure the reduction of clinical probing depth, which included formation of a long junctional epithelium as a resuLt of therapg. In addition, different forces or diameter tips are needed to measure healthg or inflamed histological periodontal probing depths. J Periodontol 2000:71:96-103.
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In diagnosing and evaluating treatment of periodontal diseases, the presence of inflammation and subsequent pathologic changes of the periodontium are evaluated by various means, including inflammation, presence of bacteria, gingival crevicular fluid flow, and periodontal probing. These methods demonstrate a lack of sensitivity and objectivity to be totally reliable criteria for clinicians. As a result, there has been research interest in these methods with the goal of improving the ability to evaluate periodontal diseases. Clinicians can estimate the severity of inflammation and morphological changes caused by past periodontal disease but are not able to determine ongoing and potential tissue destruction using existing diagnostic techniques. 1 '2 Currently, periodontal probing depth (PD), loss of connective tissue attachment, and bleeding on probing are generally used to estimate severity of inflammation and response to treatment. Evaluation of these parameters depends on the use of the periodontal probe. Therefore, there has been considerable research interest in the mechanics and functions of the probe in order to improve its effect.
A brief description of periodontal probing is important for this review. The periodontist places the probe into the sulcus or clinical pocket and applies a force to move it apically into the tissue along the tooth surface. The clinician applies pressure on the tissue and when the tissue exerts an opposite equal pressure to the probe, displacement of the probe into the tissue will cease. The pressure exerted by the probe is directly proportional to the force on the probe and inversely proportional to the area at the probe tip (pressure = Force applied on the probe/area at the tip end =F/pr2 =Fllt(d/2)2; r = radius, d : diameter). With a round probe, a change in the tip diameter has a greater effect on pressure than does a similar change in the force. An increase in the probing force will increase the pressure by a proportional amount. However, a relatively similar increase of the probe diameter will reduce the pressure by a proportional amount which is squared. If the force is doubled (20 to 40 gram force), the pressure is increased by a factor of 2. lf the diameter is doubled (0.4 to 0.8 mm), the pressure is reduced by a factor of 4. It, therefore, is important that in discussions on the use of a peri- odontal probe, both the force and the probe diameter (or pressure in N/cm2) are examined in order to reach valid judgments and comparisons. With tissue inflammation, resistance to the probe is reduced so that the probe with the same pressure will penetrate deeper into the tissue until a similar opposing tissue pressure is reached. lf the clinician uses a probe tip with a reduced diameter, the pressure will increase and the probe tip will penetrate much deeper into the same inflamed tissue. Because of the great effect on probing displacement, variations in probe diameter are important. The purpose of this report is to review the literature on probe diameters and discuss their importance in the use of periodontal probing.
EARLY PERIODONTAL PROBE DESIGNS
Observations of clinical inflammation of the gingiva and bone loss in radiographs have been used for many years for the diagnosis and treatment of periodontal diseases. In 1915, Black stated that flat periodontal probes, 15 mm long with markings every mm, should be used in examination of clinical pockets present in periodontal disease and before surgery.3 He recommended that the level of the pocket fluid on the probe tip be read to determine the clinical pocket depth. Probes were used at baseline examinations and before surgery. He did not recommend a probe tip diameter or probing force.
The probes most commonly used today were developed by Ramfjord in 1959.4 He stated that the probes in use at that time were too thick to probe narrow clinical pockets and designed a round probe with a tip diameter of 0.4 mm. This diameter of the periodontal probe was accepted as the standard.
Before Ramfiord's publication, investigators were divided regarding the value of periodontal probes in the examination, diagnosis, and prognosis of periodontal diseases. Between 1915 and 1958, several reports supported use of the periodontal probe to determine the disease status of gingival tissues.5-11 Probe specifications, including the tip diameter, were generally not indicated, nor was there any research on the effect of probe design in most of these reports. Others did not support the use of periodontal probing, but rather supported radiographs in the diagnosis of the periodontal diseases.l2-14
Simonton5 proposed flat probes 1 mm wide, 10 mm long, and notched every 2 mm. Box6 used special gold or silver probes that had 5 different angulations. Miller/ suggesteci probing of all pockets and recording their depth and putting this information on the diagnostic chart. He used a medium-thickness silver abscess probe or a scaler, with a blunt blade.
In the late 1950s, Goldman et aI., 9 Orban et a|.,10 and Glickmanll published their texts on periodontal diseases. All authors agreed on the importance of the periodontal probe in diagnosis, prognosis, and treatment and supported use of the Williams probe which was rod-shaped with 7, 2, 3, 5, 7, B, and 9 mm markings, and a 1.0 mm diameter at the tip.i5't6 Goldman et al.e stated that "Clinical probing with suitable periodontal instruments such as the Williams calibrated probe is a prime necessity in delineating the depth, topography and character of the periodontal pocket." Glickmanl l stated that "The pocket probe is an instrument with a tapered rod-like blade which has a blunt and rounded tip." These two classic publications emphasized the use of the probe and not its configuration; furthermore, the diameter or force was not considered important. Probing was considered to measure the depth of the "histological pocket."
During this period, the rationale for using a periodontal probe became accepted as part of the examination for periodontal diseases.lT'18 1t't addition, the parameters for the periodontal probe as presented by Ramfjord in 19594 became accepted as the norm. However, there was little research supporting these parameters. Tibbetts indicated that determination of PD in exact millimeter measurements was important. 19 Among the probes he reviewed were the Merritt, Williams, Michigan, and Gilmore (round) and Goldman-Fox, Drellich, and Nabers (rectangular). Neither the Merritt or Gilmore probes are calibrated. The University of Michigan probe had 3, 6, and B mm calibrations; the Drellich probe had 4,6, B, and 10 mm markings; and the Williams, Goldman-Fox, and Nabor probes were marked in 1 mm increments with 4 mm and 6 mm deleted to facilitate reading. Again, the diameters of the round tip probes were not emphasized. In 1967, Clavind and Loe reported the results of a research protocol in which they used a periodontal probe tip that was 0.8 mm in diameter with a 10 gram force.2o
Measure of Clinical Pockets bg Probing The general interpretation of periodontal probing is that the probe measured the pocket depth, which was similar to the histological depth. Therefore, by documenting the amount of displacement of the probe into the tissues, changes in probing depth could be measured. Ramfjorda suggested the use of a modified Williams probe, with a diameter of 0.4 mm, which could measure narrow pockets, rather than the original 1.0 mm. The effects of this cross-sectional modification on probe penetration were not studied.
However, published reports demonstrated the difficulty of measuring the histological pocket depth. In 1960, Kohler 
The photomicrographs demonstrated the location of the strip outside and within the junctional epithelium. The strip was still wider than the junctional epithelium; therefore, resistance was by collagen fibers. The strip ended just coronal to the base of the junctional epithelium. In one part of their dog study, Orban et a1.24 used a steel blade, 0.5 mm thick and 1 mm wide. With a light force they could probe 1 mm deep; with an increased force they could probe 1.5 mm. The probe was slightly apical to the sulcus but still adjacent to the junctional epithelium. Again, this blade was wider than the junctional epithelium. The result, however, also indicated that probing for histological pocket depth was difficult and that using thin probes results in excessive probing.
Probing depth measured both the histological sulcus/ pocket and the junctional epithelium. The junctional epithelium was 15 to 30 layers thick; each cell is approximately 6 pm or 0.006 mm wide,25 which computes to a thickness of 0.09 to 0.18 mm. This width is too narrow even for the thin Michigan periodontal probe (0.4 mm) to penetrate without involving the adjacent connective tissue. In general, these studies indicated that probing performed with thin probes (0.1 to 0.5 mm) over-probed the sulcus and extended to the base of the junctional epithelium, and that the connective tissue adjacent to the sulcus wall was a major factor in probe resistance. Therefore, the probing instrument did not measure morphologic identifying locations, such as the base of the histological pocket and junctional epithelium, but measured general tissue resistance to the pressure placed on the probing instrument. Thus the factors involved 98 Periodontal Probing; Probe Tip Diameter in pressure become important in the understanding of probing. These results were supported by studies in dogs and humans using periodontal probes. Sivertson and Burgett found that the thin Marquis (Hiatt) probe tip (0.4 mm diameter) extended to the coronal most attachment and through the junctional epithelium. 26 Other studies reported similar results.27,28 lt must be realized that even though forces used were low, pressures exerted by the probe were very high because thin probes were used; and penetration of tissues was deep.
RETATIONSHIP OF PROBE PRESSURE, FORCE, PIAMMTMR, ffi INGIVAL MORPHOLOGY, ANN INFLAMMATION TO PROBE DISFLACEMENT
Listgarten summarized the published results by stating that "probing depth measured from the gingival margin seldom corresponded to histological sulcus or pocket depth. The discrepancy was less in the absence of inflammatory changes and increased with increasing degrees of inflammation. Following treatment, decreased probing depth measurements may be due in part to decreased penetrability of the gingival tissues."2e The location of the probe tip depends on the pressure applied and resistance of the tissue. The probe has greater penetration of tissues with increasing pressure on the probe, and the resistance varied depending on tissue characteristics, morphology, andlor tissue inflammation. In general, the use of the periodontal probe resulted in over-probing of the histological pocket or sulcus.
van der Velden and Jansen described the different parameters associated with probe movement. They indicated that the pressure applied to the probe moved the probe along the tooth until an opposing pressure prevents further movement. 30 The pressure was equal to force/area at the end of the probe tip and is stated in terms of N/cm2. If the diameter of the probe tip is standardized, such as 0.6 mm, the change in pressure will be directly proportional to the change in force applied on the probe. The displacement of the probe will then depend on the force on the probe and the tissue resistance.3l Typical force-displacement curves can then be generated (Fig. 1) . Inflammation reduces the ability of the tissues to exert pressure opposing that exerted by the probe, resulting in greater tissue penetration (Fig.  2) . van der Velden and Jansen further suggested that with a probe 0.63 mm in diameter, the optimal force to probe the most coronal connective tissue attachment was 0.75 N; i.e., about 240 N/cmz. Polson et a1.32 demonstrated in humans that the periodontal probe penetrated to the base of the junctional epithelium in periodontal health using 205 N/cm2. Both pressures would reach the connective tissue attachment and not measure the formation of long junctional epithelium. Garnick et aI.31 estimated that pressure of 47 N/cm2 lforce of 0.2 N, diameter 0.6 mm) applied to the probe placed the tip slightly apical to the coronal edge of the junctional epithelium in healthy tissues (Fig. 3) . Tissue pressure that resists probe displacement depends on tissue morphology including loss of attachment and the severity of tissue inflammation. Clinical inflammation does not necessarily correspond to tissue inflammation (Fig. 4); i.e., obvious clinical gingival inflammation may not be as severe as with histological inflammation. Since histological inflammation affects tissue resistance, the clinician may not recognize the level of tissue resistance to the probe. Systemic and random errors occur in periodontal probing (see reference 28 for review); this paper addresses random error. There are 4 different variables concerned with probing, 3 of which (force, tip diameter, and probe location) can be standardized, but it is difficult to standardize the fourth, connective tissue inflammation, since it is usually evaluated clinically. Standardized probing force, tip diameter, and probe location can improve calibration. In practice, probe location is not standardized because of the need to locate the most severe areas of disease for treatment. However, in research protocols, location is standardized in order to evaluate change of disease at one site.
Mean Probe Advancement
Force lor Gontrol Sites There is a great effort to standardize force2s but because of the greater clinical significance, probe diameter should be standardized. There are numerous reports using various tip diameters (0. inflamed and less with healthy tissue. Since the probe diameter is a major factor in probing, they compared force-displacement curves for probes with different diameters in healthy, inflamed and greatly inflamed tissues. Probe diameters of 0.6 mm discriminated best the different levels of gingival inflammation and health; probing deeper with increased inflammation.
The World Health Organization44 proposed a probing tip with a hemispheric shape and a diameter of 0.50 mm. lt was felt that the rounded surface would produce less patient discomfort. However, the effect of this spherical configuration is not known,45 and it may be that this shape increases the area, thus reducing the pressure.
The periodontal probe is the major instrument used in diagnosis and evaluation of treatment. Root planing or repositioned flap surgery achieve a long junctional epithelium with reduced sulcular/pocket depth and reduction of tissue inflammation. The periodontal probe should be used to measure therapeutic changes, but not the connective tissue attachment level since it is generally not modified by such treatment. lf the objective of probing is comparison of therapeutic changes, then the pressure should be close to 50 N/cm2. If pressures of 200 N/cm2 or greater are used, the probe may penetrate to the base of the long junctional epithelium and not demonstrate the reduced sulcus/pocket depth ( Table 1 ;.46 tf the clinician can apply force of approximately 20 grams (0.20 N) on the periodontal probe handle (in which the nail bed would not blanch), the probe tip diameter must be increased to 0.6 to 0.7 mm to reduce the pressure to the level of 40 to 50 N/cm2. At this pressure, the probe tip would be placed at the coronal end of the junctional epithelium, demonstrating the formation of long junctional epithelium.a6 CONCLUSION In summary, periodontal probing registers resistance of the tissues to the pressure applied by the probe. This pressure is directly proportional to the application of force on the probe and indirectly to the area of the probe tip. The greater the pressure, the greater is the advancement of the probe into the tissues. However, the advancement depends on the resistance of the tissues at the site being measured. Variability in probing may result because the clinically observed inflammation may not be the same as the inflammation in the tissues penetrated by the probe. However, with treatment, if the pressure is the same but the inflammation is reduced and/or tissue attachment is increased, the resistance is increased and the displacement of the probe will be less. The difference in probing depth would measure reduction of inflammation and, therefore, effectiveness of treatment.
The pressure used to measure the coronal level of the connective tissue attachment is not the same as that used to place the probe at the base of the sulcus or the pocket, which should be much less. If the measurement of long junctional epithelium and reduced sulcular/pocket depth are the objectives of probing, then reduced pressures must be used. In this case, forces of 20 grams should be used with a probe tip diameter of 0.6 mm to obtain a pressure that would measure the new sulcus depth, but not penetrate the long junctional epithelium. The larger diameters that have been used for many years, as indicated in this report, would appear appropriate.
